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Abstract: Sugarcane growers in Hawaii suffer crop damage and sugar losses to rats (Rattus spp.). We
conducted tests to evaluate commercial zinc phosphide baits for reducing rat populations in Hawaiian
sugarcane fields. During laboratory bioassays, mortality of black rats (R. rattus) and Polynesian rats (R.
exulans) was higher (P < 0.05) with KFE Zinc Phosphide Prepared-Rat Bait and Hopkins Zinc Phosphide
Pellets than with ZP Rodent Bait AG or Ridall-Zinc Rodent Field and Agricultural Bait. Hopkins Zinc
Phosphide Pellets was the most effective (P < 0.05) bait against Norway rats (R. norvegicus), but low mortality
with even this bait (70%) indicates the effectiveness of field applications may be variable. Single aerial
broadcast applications of HGP Zincphos Oats or Hopkins pellets did not reduce (P > 0.05) the number of
rats captured in sugarcane fields. Prebaiting with nontoxic grain according to manufacturers’ instructions
enhanced (P < 0.05) effectiveness of zinc phosphide oat bait, but not zinc phosphide pelleted bait (P > 0.05).
However, substantial numbers of rats remained in all fields, regardless of rodenticide or whether fields were
prebaited with nontoxic grain. Absorption of moisture and physical degradation may have reduced rats’
acceptance of pellets. A more weather-resistant bait is needed to control rat depredations in wet and humid

areas.
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Rats have a negative effect on the Hawaiian
sugarcane industry (Doty 1945, Hood et al. 1970,
Tobin and Sugihara 1992). By gnawing on grow-
ing sugarcane stalks, they diminish yields, in-
crease incidence of secondary infection, and re-
duce cane quality. Primary pest species are Nor-
way and Polynesian rats that establish residences
in field interiors; black rats cause damage along
field perimeters (Fellows and Sugihara 1977,
Tobin and Sugihara 1992).

Hawaiian sugarcane growers have used many
poisons since the early 1900s to reduce rodent
populations in fields (Pemberton 1925, Doty
1945). Since 1970, zinc phosphide has been the
rodenticide of choice (Hood 1972, Tobin et al.
1990). A joint research effort by Denver Wildlife
Research Center (DWRC) and the Hawaiian
Sugar Planters’ Association (HSPA) culminated
in registration of a 1.88% active ingredient oat
groat bait to control Polynesian rats, formerly
the most abundant rat species in Hawaiian sug-
arcane fields (Hilton et al. 1972). Rat damage
initially declined 40-70% in fields where zinc
phosphide oats were applied (Hilton et al. 1972,
Pank et al. 1973, Pank 1975).

Since 1970 Norway rat populations increased
relative to those of Polynesian and black rats in
Hawaiian sugarcane fields (Fellows and Sugi-
hara 1977, Hirata 1977, Karim 1983, Tobin and
Sugihara 1992). Zinc phosphide oats are less ef-
fective against Norway rats than the latter 2
species (Pank et al. 1976, Sugihara and Pank
1981, Tobin et al. 1990). Alternative zinc phos-
phide formulations may provide better results
than zinc phosphide oats.

The larger body size of Norway rats com-
pared with Polynesian rats and bait aversion due
to sublethal consumption of bait may contribute
to the inefficiency of zinc phosphide oat bait
against Norway rats (Pank 1975, Prakash 1988,
Shepherd and Inglis 1993). The median lethal
dose (L.D;,) of zinc phosphide for Norway rats
is 40 mg/kg rat body mass (Hood 1972, Lund
1988) versus 23 mg/kg for Polynesian rats (Hood
1972). Thus, a 170-g Norway rat must consume
about 13 zinc phosphide oat kernels to ingest an
LD;, equivalent, compared with 3-4 oat kernels
for a 70-g Polynesian rat.

Prebaiting with a nontoxic bait may enhance
initial bait acceptance and increase mortality.
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Studies of black rats in Florida (Lefebvre et al.
1978) and Polynesian rats in Hawaii (Hilton et
al. 1972) demonstrated that prebaiting with
nontoxic bait enhanced consumption of zinc
phosphide baits. Nonetheless, plantations in Ha-
waii stopped prebaiting after adoption of aerial
application techniques. In this study we com-
pared laboratory efficacy of 4 commercial zine
phosphide baits on 3 rat species in Hawaii, tested
effectiveness of 1 field application of each of 2
commercial zinc phosphide baits to reduce rat
populations, and tested if prebaiting with non-
toxic bait, according to manufacturer’s instruc-
tions, improved bait effectiveness in the field.

We thank J. C. Cross and Mauna Kea Agri-
business Co., Inc., for access to sugarcane fields
and assistance in coordinating the study. R. G.
Medeiros and G. F. Jasin helped conduct the
study. R. M. Engeman and H. W. Krupa pro-
vided statistical advice, and M. W. Fall, K. A.
Fagerstone, L. A. Fiedler, N. R. Holler, and A.
K. Ota reviewed the manuscript. We captured,
maintained, and tested rats according to ap-
proved U.S. Department of Agriculture, DWRC,
standard operating procedures and animal wel-
fare standards.

METHODS

Laboratory Bioassay

During November 1991, we used wire cage
live traps (22 x 28 x 15 c¢m) to capture 110~
120 animals each of Polynesian, Norway, and
black rats in sugarcane fields and associated non-
crop areas near Hilo, Hawaii. We transported
animals to the DWRC Hawaii Field Station,
dusted them with carbaryl insecticide powder,
recorded mass and sex of each animal, and placed
each rat in a stainless steel wire mesh cage (18
X 18 X 36 cm). Animals had ad libitum access
to rodent laboratory chow and water and were
quarantined =21 days before testing. At the end
of quarantine, we randomly selected, re-
weighed, and transferred 300 adult rats (50 M
and 50 F of each species) to clean cages in an-
other room for testing.

We evaluated 4 rodenticides and a nontoxic
bait: (1) Ridall-Zinc Rodent Field and Agricul-
tural Bait (1.88% zinc phosphide), (2) ZP Rodent
Bait AG (2.0% zinc phosphide), (3) Hopkins Zinc
Phosphide Pellets (2.0% zinc phosphide), (4) KFE
Zinc Phosphide Prepared-Rat Bait (1.88% zinc
phosphide), and (5) untreated oat groats (con-
trol). The first 3 rodenticides were pelleted for-
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mulations; the KFE Zinc Phosphide bait was
formulated on oat groats. Prior to testing, we
sent 10 g of each formulation to the HSPA Ex-
periment Station, Environmental Science De-
partment (Aiea, Haw.) to determine zinc phos-
phide concentration.

To avoid confounding treatment effects with
effect of animal mass, we ranked 50 males and
50 females (5 treatments X 10 animals/treat-
ment) of each species by mass from heaviest to
lightest. We then divided the 50 rats for each
sex of each species into 10 groups by allocating
the 5 heaviest rats to the first group, the next 5
heaviest rats to the next group, and so on, until
each animal was assigned to a group. Finally,
we randomly assigned the 5 treatments to the
animals in each group with each animal per
group receiving a different treatment.

We removed maintenance chow from cages
and offered Norway, Polynesian, and black rats
20, 10, and 20 g, respectively, of their assigned
bait. Twenty-four, 48, and 72 hours later, we
collected and weighed uneaten and spilled bait.
We dried bait moistened with urine or water
by dehydrating it in a convection oven and
cooled it in a desiccator before weighing it. We
offered fresh bait at 24 and 48 hours and re-
turned the maintenance chow to cages at the
end of the feeding trial (72 hr). We recorded
mortality and signs of toxicosis daily during the
feeding trial and for 10 days post-treatment. At
the end of post-treatment observation, we
weighed survivors and euthanized them with
carbon dioxide.

We calculated daily consumption for each
animal by adjusting the mass of bait offered for
mooisture loss or gain and subtracting the com-
bined mass of uneaten and spilled bait. We es-
timated changes in mass due to moisture loss or
gain by placing 3 bowls of each treatment in
the test room and weighing contents before and
after each 24-hour period. Total consumption
for the trial was the sum of daily consumption
for each of the 3 days. We calculated milligrams
of zinc phosphide ingested per kg rat body mass
on the basis of assayed concentrations of test
baits.

Data Analysis.—We conducted analyses of
variance (ANOVA) (SAS Inst. Inc. 1988) for each
rat species to detect differences in consumption
among zinc phosphide baits and days, and among
baits in initial (day 1) bait consumption. We
used Duncan’s multiple-range test with P < 0.05
(Saville 1990) to separate treatment and inter-
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action means. We performed Chi-square tests
to detect differences in mortality among species
for each zinc pbosphide bait.

Field Evaluation

Study Area.—We conducted the study in 12
fields at Mauna Kea Agribusiness Co., a 6,000-
ha sugarcane plantation north of Hilo, Hawaii.
Fields were 40-60 ha, contained 16-26-month-
old sugarcane, and had not received rodenticide
treatments for the current crop. They ranged in
elevation from 150 to 400 m and were bordered
on =1 side by gulches or narrow dirt roads.
Gulches were 50-100 m wide and 10-20 m deep
and were vegetated by various species of intro-
duced noncrop vegetation.

Treatments.—We evaluated HGP Zincphos
QOats (1.88% zinc phosphide) in 6 fields and Hop-
kins pellets in the remaining fields. The HGP
oat bait is commonly used by sugarcane growers
and is similar to the KFE oat bait that we eval-
uated during laboratory bioassay but is no longer
commercially available.

For each bait, we divided each of 6 fields into
3 comparable 13-20-ha sections and applied 3
treatments to the sections in each field (repli-
cate) in a randomized complete block design
with each section receiving a different treat-
ment. Thus, each treatment was applied in 6
different fields. The 3 treatments applied to each
field were (1) 5.7 kg/ha of zinc phosphide bait,
(2) 5.7 kg/ha of zinc phosphide bait preceded
by an application of 11.4 kg/ha of untreated
bait, and (3) a control. We used a Stearman
biplane with a deflector fertilizer attachment to
aerially broadcast baits. Bamboo poles with col-
ored flagging placed at perimeter locations de-
lineated field sections and guided the pilot while
applying baits.

For the test with HGP oats, we broadcast
untreated oat groats in 1 section of each field 7
days before we applied zinc phosphide oats to
the same sections. For the test with Hopkins
pellets, we followed the manufacturer’s instruc-
tions and broadcast untreated wheat 7 days be-
fore applying zinc phosphide pellets to the same
sections. We collected samples of zinc phos-
phide oats and pellets immediately before ap-
plication and sent them to the DWRC Chemical
Analysis Section and the manufacturer, respec-
tively, for assay. We recorded rainfall daily be-
ginning 3 days before the untreated bait was
applied and continuing until 7 days after ap-
plication of zinc phosphide bait.
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Rat Populations.—We used live traps to in-
dex pretreatment relative abundance of rats
without removing individuals. Because past
studies have indicated a low recapture rate of
rats with live traps (Lindsey et al. 1973, Sugihara
et al. 1977, Lefebvre et al. 1985), we used snap
traps to index post-treatment relative abun-
dance of rats. We set traps in each field section
for 4 consecutive nights before and after treat-
ments were applied in each test. Similar to au-
thors of other rodenticide field studies (Bruggers
and Jackson 1981, Kaukeinen 1984, Richards
1988), we assumed total captures were an index
of actual population size and a reliable indicator
of population trends (Halvorson 1984).

We used a compass, machete, and distance-
measuring device to establish a transect in the
interior of each field section starting at an in-
terior road and extending approximately 160 m
into the field. Transects were =150 m from ad-
jacent field sections and =30 m from noncrop
areas. We placed 50 traps at 3-m intervals along
each transect. At each trap site, we cleared sug-
arcane stalks and leaves from a 30- x 30-cm
area to 1 side of the transect. We secured traps
to the ground with numbered wire flags.

We used 50 live traps to index relative abun-
dance of rats before treatments were applied in
each field section. We scattered grated coconut
along traplines 3 days before setting and baiting
traps with coconut chunks. We checked traps
between sunrise and 1200 for 4 consecutive days.
We weighed captured animals, identified them
to species and sex, and released them at the
capture site. We rebaited and reset traps as nec-
essary.

Ten days after applying zinc phosphide baits,
we indexed post-treatment relative abundance
of rats by setting 50 snap traps along each tran-
sect in the locations used for pretreatment live
trapping. We prebaited transects with grated
coconut 3 days before baiting traps with coconut
chunks and setting them for 4 consecutive nights.
Each morning we checked traps and rebaited
and reset them as necessary.

Data Analysis. —We conducted separate
analyses for pre- and post-treatment trapping
periods of each field test. We employed a mixed
model ANOVA (SAS Inst. Inc. 1988) with block
asarandom effect and treatment as a fixed effect
to detect differences in number of animals cap-
tured per field section (replicate) for all species
of rats and for Norway rats only. We used Dun-
can’s multiple-range test (P < 0.05) (Saville 1990)
to separate interaction means.
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Table 1.
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Mean consumption of commercial zinc phosphide baits and mortality of 3 rat species during 3-day no-choice feeding

trials, December 1991. Each bait was offered to 60 individually caged adult rats (10 M and 10 F of each species): untreated
oats (control), KFE Zinc Phosphide Prepared-Rat Bait, ZP Rodent Bait AG, Hopkins Zinc Phosphide Pellets, and Ridall-Zinc

Rodent Field and Agricultural Bait.

Consumption (g)

Zinc phosphide ingested

I i;]irtlizlss Day 1 Days 1-3 (mg)/kg body mass No. died/
Bait (g) H SE 4 SE i SE no. tested
Norway rat
Untreated oats 197 12.3 0.8 40.2 1.5 0.0 0/20
KFE oats 201 1.1 0.1 1.3 0.2 212.7 29.5 2/20
ZP pellets 197 1.7 0.3 2.4 0.4 254.5 43.6 2/20
Hopkins pellets 200 1.3 0.2 1.8 0.3 260.2 39.3 14/20
Ridall-Zinc pellets 197 0.5 0.1 0.7 0.1 99.5 20.4 1/20
Black rat
Untreated oats 167 7.9 0.9 29.0 1.5 0.0 0/20
KFE oats 165 1.8 0.3 1.8 0.3 347.0 46.2 18/20
ZP pellets 168 2.1 0.6 2.5 0.6 280.4 64.8 11/20
Hopkins pellets 165 1.2 0.2 1.3 0.2 217.1 34.7 16/20
Ridall-Zinc pellets 168 0.7 0.1 0.7 0.1 98.7 15.5 12/20
Polynesian rat?
Untreated oats 73 3.9 0.5 14.8 1.1 0.0 0/19
KFE oats 77 0.3 0.1 0.7 0.1 265.4 35.3 19/20
ZP pellets 77 0.3 0.1 0.4 0.1 117.1 23.2 10/20
Hopkins pellets 75 0.3 0.1 0.7 0.2 241.6 59.0 17/20
Ridall-Zinc pellets 76 0.2 0.1 0.5 0.1 162.4 19.6 14/19

4 Only 48 Polynesian rats of each sex were available for testing.

RESULTS
Laboratory Bioassay

Assay concentrations of zinc phosphide were
3.10% (SE = 0.06) for KFE oats, 1.99% (SE =
0.03) for ZP pellets, 2.90% (SE = 0.03) for Hop-
kins pellets, and 2.33% (SE = 0.04) for Ridall-
Zinc pellets. Consumption by black rats varied
among days (F = 8.09; 2, 74 df; P < 0.001) but
not baits (F = 2.09; 3, 37 df; P = 0.12), and was
greater on the first day of feeding than on either
of the 2 succeeding days (P < 0.05). Differences
among days in consumption by the other 2 spe-
cies varied by bait (Norway rats, F = 2.85; 6,
134 df; P = 0.012; Polynesian rats, F = 2.08; 6,
108 df; P = 0.062). Norway rat consumption of
all zinc phosphide baits except Ridall-Zinc pel-
lets was greatest on the first day of feeding (P
= 0.05). Consumption by Polynesian rats varied
(P = 0.05) among days only for Hopkins pellets,
which was consumed in greater (P =< 0.05)
amounts on day 2 than on days 1 or 3. Three
Polynesian rats that did not eat on day 1 ac-
counted for most of the increased consumption
on day 2. Mean days to death varied among all
species and toxic baits from 1.3 to 3.0.

During the first day of the feeding trial, con-
sumption varied among zinc phosphide baits for
black rats (F = 2.82; 3, 72 df; P = 0.045) and
Norway rats (F = 5.14; 3, 72 df; P = 0.003), but

not Polynesian rats (F = 0.41; 3, 71 df; P = 0.75)
(Table 1). On day 1 black rats consumed less
Ridall-Zinc pellets than ZP peliets or KFE oats
(P = 0.05), but not less than Hopkins pellets (P
> 0.05). Norway rats offered Ridall-Zinc pellets
ate less on the first day than did rats offered the
other 2 pelleted formulations (P < 0.05), but
not less than rats offered treated oats (P > 0.05).

Mortality was similar among black, Norway,
and Polynesian rats offered Hopkins pellets (x?
= 1.37, 2 df, P = 0.50) but differed among
species for ZP pellets (¢ = 10.29, 2 df, P =
0.006), KFE oats (x2 = 40.00, 2 df, P < 0.001),
and Ridall-Zinc pellets (x* = 20.99, 2 df, P <
0.001). Black and Polynesian rats exhibited sim-
ilar susceptibility to each bait (Table 1). Mor-
tality of these 2 species was greater than that of
Norway rats for all baits except Hopkins pellets.

Field Evaluation

Oat Bait.—We captured 321 Norway rats, 27
Polynesian rats, and 5 black rats in live traps
during 3,600 pretreatment trap nights. Norway
rats averaged 90% of total rat captures among
the 3 treatments. Captures for all rat species (F
=0.84; 2, 10 df; P = 0.46) and number of Nor-
way rats (F = 0.81; 2, 10 df; P = 0.47) did not
vary among treatments during pretreatment
trapping (Fig. 1).



886 ZINC PHOSPHIDE BAITS « Sugihara et al.
;;OW [] Norway rats  [] Polynesian and black rats
o 30
e
2 254
T
S 204
G
s 157
s
b 10+
4
0 Before After Before After Before After
Control Zinc phosphide Prebait and
only zinc phosphide
Fig. 1. Mean number of rats captured with live traps before

and snap traps after zinc phosphide oats were applied in Ha-
waiian sugarcane fields, June-August 1991. We divided each
of 6 fields into 3 comparable sections and randomly applied 3
treatments to the sections in each field (replicate) with each
section receiving a different treatment. Treatments were (1)
single aerial application of 1.88% zinc phosphide oats at 5.7
kg/ha, (2) aerial prebait application of untreated oats at 11.4
kg/ha 1 week prior to aerial application of 5.7 kg/ha of 1.88%
zinc phosphide oats, and (3) experimental control. Lines above
bars represent SEs for the mean number of captures of all
species and the mean number of captures of Norway rats.

Assay concentration of zinc phosphide in the
oat bait was 1.96% (SE = 0.06). A cumulative
average of 0.9 and 2.4 mm of precipitation fell
within 48 and 96 hours, respectively, after ap-
plying zinc phosphide bait.

During 3,600 post-treatment trap nights, we
captured 324 Norway rats, 71 Polynesian rats,
and 3 black rats in snap traps. Mean number of
Norway rats varied from 75 to 93% of all rat
captures. Number of rats trapped of all species
(F =16.3; 2, 10 df; P < 0.001) and number of
Norway rats (F = 87; 2, 10 df; P = 0.006)
differed among treatments during post-treat-
ment trapping. Mean number of captures of all
species and of Norway rats was less (P < 0.05)
in prebaited sections than in zinc phosphide alone
or control sections (Fig. 1). Captures of all rat
species and captures of Norway rats did not
differ (P > 0.05) between the zinc phosphide
without prebaiting and the control sections (Fig.
1)
Pelleted Bait.—Pretreatment live trapping
during 3,600 trap nights yielded 333 Norway
rats, 119 Polynesian rats, and 18 black rats. Nor-
way rats composed 68-80% of all captures.
Number of all rats (F = 0.18; 2, 10 df; P = 0.84)
and number of Norway rats (F = 0.16; 2, 10 df;
P = 0.85) did not vary among treatments during
pretreatment trapping (Fig. 2).
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Fig. 2. Mean number of rats captured with live traps before
and snap traps after zinc phosphide pellets were applied in
Hawaiian sugarcane fields, October 1992-February 1993. We
divided each of 6 fields into 3 comparable sections and ran-
domly applied 3 treatments to the sections in each field (rep-
licate) with each section receiving a different treatment. Treat-
ments were (1) single aerial application of 2.00% zinc phos-
phide pellets at 5.7 kg/ha, (2) aerial prebait application of un-
treated wheat at 11.4 kg/ha 1 week prior to aerial application
of 5.7 kg/ha of 2.00% zinc phosphide pellets, and (3) experi-
mental control. Lines above bars represent SEs for the mean
number of captures of all species and the mean number of
captures of Norway rats.

Control

Hopkins pellets were assayed at 2.00% (SE =
0.03) zinc phosphide. A cumulative average of
14.5 mm of precipitation fell within 48 hours
after application; 27.9 mm fell within 96 hours.
The soil and thick sugarcane-thatch layer re-
mained moist following application, and Hop-
kins pellets became soft.

During 3,600 trap nights of post-treatment
snap trapping, we captured 366 Norway rats,
239 Polynesian rats, and 9 black rats. Fifty to
67% of all rats captured in individual fields were
Norway rats. Total number of rats (F = 0.41; 2,
10 df; P = 0.67) and number of Norway rats (F
=0.09; 2, 10 df; P = 0.91) trapped did not vary
among the 3 treatments during post-treatment
trapping (Fig. 2).

DISCUSSION

Available zinc phosphide baits have the po-
tential for reducing field populations of black
rats and Polyuesian rats, but effectiveness against
Norway rats is questionable. These results are
consistent with other studies (Fellows 1977, Su-
gihara and Pank 1981, Tobin et al. 1990). The
greatest mortality of Norway rats in the labo-
ratory occurred with Hopkins pellets. The 70%
mortality achieved with this bait met the U.S.
Environmental Protection Agency’s minimum
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efficacy requirement for registration of roden-
ticides, but results were sufficiently low that ben-
efits of operational use could be less than satis-
factory.

Limited captures of Polynesian and black rats
precluded assessment of field treatments for these
species. We discuss field results in reference only
to Norway rats. Aerial application of zinc phos-
phide oat bait alone had no apparent effect on
rat captures. The lower number of rats trapped
in prebaited sections relative to that in zinc
phosphide only and control sections indicates
that prebaiting enhanced effectiveness of the
toxic oat bait, but substantial numbers of Nor-
way rats still remained in prebaited sections af-
ter application of zinc phosphide oat bait.

Applying Hopkins pellets did not affect the
number of rats captured in sugarcane fields, even
if the fields were prebaited. We did not assess
acceptance by rats of the wheat prebait. How-
ever, Hawaiian rats prefer oats over wheat (Doty
1945, Koehler et al. 1994). The manufacturer’s
instructions for Hopkins pellets specifies that
wheat should be used for prebaiting, presum-
ably because this is the major grain in the bait.
A different formulation with oats as the main
ingredient may be more palatable.

Absorption of moisture and physical degra-
dation may have reduced rats’ acceptance of
pellets. Another pelleted zinc phosphide bait
(ZP pellets) also was effective in laboratory bio-
assays (Sugihara and Pank 1981) but not in field
trials (Fellows et al. 1982). The authors of the
latter study attributed the lack of field efficacy
to moisture absorption and rapid bait deterio-
ration. Poor weatherability was implicated as
the cause of similar discrepancies in Florida sug-
arcane (Lefebvre et al. 1985). Koehler et al.
(1995) observed that Hopkins pellets retained
their toxicity even when they absorbed moisture
and became soft, and Guerrant and Miles (1969)
reported that the toxicity of zinc phosphide baits
remained high even after 2-3 days of moderate
rainfall. These studies suggest that physical de-
terioration of the bait and reduced baii accep-
tance, rather than loss or degradation of the
toxicant, were responsible for lack of field effi-
cacy in our study.

Our methods did not enable us to distinguish
resident survivors from rats that invaded de-
populated fields from surrounding areas. We
dyed the pelage of rats captured during the first
field trial but could not reliably distinguish the
marks. U.S. Department of Agriculture, DWRC,
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animal welfare regulations precludes notching
ears or clipping toes of rats.

Previous radio-telemetry studies in Hawaii
have shown that rats in mature sugarcane fields
and adjacent noncrop areas move limited dis-
tances. Norway rats captured in sugarcane fields
moved a maximum of 91 m, and rats trapped
at field edges seldom ranged >30 m into the
field (Nass et al. 1971). Polynesian rats were
even more sedentary (Tomich 1970, Lindsey et
al. 1973). In this study, we tried to minimize
reinvasion by using large field sections (13-20
ha) as experimental units, locating trapping
transects in the middle of the sections, and hav-
ing a buffer of =150 m between each trapping
transect and the edges of the treatment section.

Repeated applications during the past 20 years
of =4 treatments of zinc phosphide during each
18-26-month crop cycle may have reduced ef-
fectiveness of this toxicant. Marsh (1987) re-
ported reduced efficacy of zinc phosphide baits
against ground squirrels (Spermophilus beech-
eyi) and voles (Microtus spp.) following re-
peated use in California. Other investigators
(Prakash 1988, Shepherd and Inglis 1993) re-
ported persistent (>7 months) bait aversion
among wild Norway rats after only brief sub-
lethal exposure to zinc phosphide. Further study
is needed to determine whether poor bait ac-
ceptance, sublethal aversion, physiological re-
sistance or tolerance, or some other factor is
reducing field effectiveness of zinc phosphide
baits in Hawaii.

MANAGEMENT IMPLICATIONS

Commercial zinc phosphide baits available
for use in sugarcane fields are not effective for
reducing Norway rat populations. Nonetheless,
zinc phosphide remains the only toxicant reg-
istered for this purpose, and developing and reg-
istering an alternative toxicant for in-crop use
would require years of research and develop-
ment and probably cost >$1 million (Samuel et
al. 1983, Fagerstone et al. 1990). Therefore, ef-
forts should focus on improving effectiveness of
zinc phosphide baits, including developing more
weather-resistant formulations for use in wet
and humid conditions. Long-range research
should focus on identifying and registering an
alternative toxicant, as well as developing such
nonchemical control tools as resistant sugarcane
varieties, nonlethal repellents, and physical bar-
riers to prevent invasion of fields.
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